Abstract-The academic performance and social competence of a child in school is positively associated with the involvement of their parents. However, the researches about educational learning models often ignore the parents' part. Internet opens a new paradigm: education and communication approach is more complex than ever. Here, we would like to present an Internet based system to support students' homework. We believe that one of the major advantages of our system is time saving, particularly from the teacher's point of view. Also, this system gathers statistical data concerning different groups of students selected by the teacher. From these data on, the teacher can easily see where the students are having problems and decide what to do next. From the student (or parent) point of view, the prompt feedback about the exercises correctness, added to the training with different exercises sets about the same subject, besides the utilization of video, color, sound, etc., that positively reinforce child's senses, are elected as the main advantages.
I. AIMS AND ORGANIZATION
The "Mediappro" report (http://www.mediappro.org/, with the support of the European Commission/Safer Internet Action plan) let us know that due to the small number of computers in schools, the slow Internet connections and to the poor integration of IT in the curriculum, students 12-18 years old have a more frequent access to the Internet at home than at school. In the Portuguese case, 92.8% use the Internet; form these 42% use it at home in a daily basis, and only 5% use it daily at school.
As it will be explained in some detail in section II-A, the Portuguese computational park is very diverse, both scholar, personal, desktop and laptop computers, ranging from low-processing capabilities (e.g., computers running under a Pentium I microprocessor and lower) and low-memory (both main-RAM-memory and secondary-hard-drivememory) to high-processing capabilities and high-memory. Additionally, in some rural areas the Internet connections are limited to 128Kbps (Kilobits per second), but in urban areas Internet may reach 16Mbsc (Megabits per second) and more with ADSL (Asymmetric Digital Subscriber Line) connections and optical fiber. This is a consequence of the several different programmes being implemented during the last decades; see, for example, [1] - [3] , and the governmental sites http://www.umic.pt/ and http://www.fccn.pt/.
Besides these difficulties, it was also elsewhere reported the need for specific teachers training and Internet contents (e.g., [4] , [5] ); in the Portuguese case the teachers also reported the lack of time to meet the program (curriculum) recommended by the Portuguese Ministry of Education.
With the Internet-based collaborative system presented in section III, we want to contribute to an increase in the resources available on the Internet for primary teaching of mathematics, and helping the creation of virtual communities through the provision and creation of groups of e-mails, forums, sharing of multimedia resources and georeferenced data. More specifically, we believe that this collaborative system may contribute to: 1) promote the use of IT by teachers and students; 2) promote teacher-student-parent communication;
3) stimulate the share of contents, activities and strategies, and thus allowing for a collaborative work through the Internet; 4) stimulate the interacting of the virtual teaching community; 5) contribute to the use of IT in more informal contexts; 6) freely extend the existent offer in Portuguese language; 7) contribute to the creation of a web-based platform that presents the programmatic contents in a playful form. The paper is organized as follows. Section II is devoted to the presentation of the Portuguese scholar context, and also some literature review, with special attention to the case of mathematics. The collaborative system is presented in section III. Section IV is used to present a reflection about the system proposed here and some of its pedagogical strengths. The paper ends with the conclusions, section V.
II. CONTEXTUALIZATION A. Portuguese context
The Programme "Internet in the Schools", launched by the Portuguese Ministry of Science and Technology (MST) in 1997, aiming at the development of Information Technology (IT) in the Portuguese schools. Each school (basic teaching, 2nd cycle -5th and 6th grade, and secondary -7th to 12th) was provided with at least one multimedia computer linked to the Internet; a detailed account of how the educational system in Portugal and other countries are organized can be found in http://www.eurydice.org.
In 2006, the "ESchool" Programme (e.escola-http://www. eescola.net/indexA.aspx) enabled the purchase of laptops by students, form the 5th to 10th grade, and teachers for a price of 150 e. More recently the Portuguese government has developed a set of protocols with Intel, the leading telecommunications operators (Optimus, TMN, Vodafone, and Zon), Microsoft, "Magic Box" (Caixa Mágica), and the local members, allowing children of the primary schools access portable computers "Magalean" (Magalhães), for a maximum cost of 50 e(http://www.eescolinha.gov.pt/portal/server. pt/community/e-escolinha/200/apresentacao). Additionally, a huge effort is being done in equipping all the classrooms with interactive "blackboards".
Setting-up infrastructures is a relatively simple process in comparison with their actual usage, since both the necessary training and the change of habits that lead to routine usage are the result of slow and gradual processes; the need to train, motivate and involve the teachers, pupils and the community in general towards a correct use of IT tools entails a number of technical and cultural difficulties [4] - [9] . Additionally, several researchers claim that it is what teachers think and believe that ultimately shapes the activities in the classroom [10] - [12] .
As noted by [13] "the primary school more so than ever has an important role in ensuring that as many pupils as possible are engaged in sustained, meaningful and equitable use of IT" and "teachers should strive for constructing meaningful and genuinely opportunities for children to use computers and, therefore, stimulating continued desire to use IT".
B. The need for Internet resources
Computers are now a part of a child's natural environment [13] . Homes and schools have rapidly been transformed into sites of a globally connected multimedia culture, integrating a wide variety of audiovisual information and telecommunication tools and systems that students are expected to use, both in their interpersonal and educational environment. According to [14] people who are innovative and quick to adopt new technology are usually younger, better educated and come from higher socio-economic households. Recent studies suggest that there are no longer differences in the rates of Internet access between genders and that the divide between ethnic groups is decreasing, and that students from rural households may have less access to IT from home because of many different factors, ranging from economic issues to a lack of parental interest in technology; however, students whose parents had more prestigious occupations and higher level of education were more likely to have access to both a computer and the Internet at home [15] . A significant number of parents and teachers believe that computers are highly important for the education of young children and their later success, while those without computers at home and at school are often viewed as disadvantaged [16] . Children's early experiences with computers have long been argued to be crucial to the development of positive attitudes towards IT usage in later life [17] .
On the other hand, greater Internet usage raises concerns about the possible negative effects on the children's social interaction [18] - [20] , risks of exposure to pornography, dangerous strangers and other unsuitable material online [21] , lack of sleep, increased obesity and consequences on children's homework interference [22] , [23] . According to a survey conducted by the European Opinion Research Group EEIG [24] on the illegal and harmful content on the Internet, a fair share of European Union parents (32%) seem not to be aware of the possible risks that their child may encounter on the Internet. It is not possible (or even desirable) for parents to be with their children constantly and the home is not the only point of access to IT.
Associated with this is the parents' strong belief that technological interactivity is an alternative form of human communication [25] . In practice, it appear that the technological interactivity with children can cause problems to parents as they seem not confident enough to support their children's digital activities, especially when these had to do with the students' homework [26] . Some researchers also expecte that fathers would do that more than mothers, given that fathers usually have more experience with computer technology [27] , [28] . Interesting to note is the fact that using the Internet for learning purposes (such as preparing homework, learning Internet skills, and downloading software) is probably related not only to the quantity of time that parents and children spend together, but also to the extent that the child is feeling close to parents [29] .
Becoming competent in mathematics can be conceived of as acquiring a mathematical disposition (see, for example, [34] , [35] ). Traditionally the dominant form of learning in schools has been teacher-directed learning or guided learning: "a trainer or teacher takes all the relevant decisions and the learner can and should follow him or her. He decides about the goals of learning, the learning strategies, the way to measure outcomes and he takes care of feedback, judgments, and rewards" [36] . Besides guided learning, in [36] the authors distinguish two other ways of learning: experiential and action learning. To facilitate and support learners through the gradual and progressive acquisition of adaptive mathematical competence, novel classroom practices and cultures are needed. These practices and cultures should create the conditions for a substantial shift from guided learning toward experiential as well as action learning, resulting in a balanced and integrated use of the three ways of learning: constructive, self-regulated, and contextual or situated [37] .
The constructivist view of learning has become common ground among educational psychologists (see, for example, [36] , [38] , [39] ). Constructivism implies that constructive learning is self-regulated. According to [40] , self-regulation "refers to the degree that individuals are metacognitively, motivationally, and behaviorally active participants in their own learning process". According to [37] "constructive and selfregulated learning processes should preferably happen and be studied in context", and because learning is collaborative, the learning efforts are distributed over the individual student, its partners in the learning environment, and the (technological) resources and tools that are available [41] .
The available literature provides substantial evidence supporting the positive effects of collaborative learning [41] - [43] ; this does not means that students stop to try to achieve and also develop new knowledge individually.
As stated by [44] "starting as much as possible from tasks and problems that are meaningful and challenging for students, learning environments should initiate socially supported constructive learning processes that enhance students's cognitive and volitional self-regulatory skills". It is expected that students will be able to use their acquired knowledge and skills to solve mathematics-related situation and problems in everyday life, something that [45] , [46] call preparation for future learning.
III. THE SYSTEM
There is a huge number of computer applications and Internet resources that can be used as education tools in the teaching of virtually everything, including chemistry, physics, engineering, medicine, mechanics, to name only a few. For example, in [26] the authors proposed a set of collaborative learning activities via interactive video-conferencing in elementary/primary schools to test parents' attitudes towards ITbased learning. In [47] the authors developed a web-based system to promote teacher-parent-student communication through Internet, and in [48] it is presented an algorithm for automatic checking of exercises in a dynamic geometry system, which has been developed considering the computational restrictions (computers that have low-processing capabilities) and that can be used without restrictions with any other learning management system.
As usually happens in Portugal, the lack of tools supporting the authoring and automatic checking of exercises for specific topics in primary education (e.g., ordering and numbering in mathematics) drastically reduces the advantages in the use of e-learning environments on a larger scale. As noted before, the system that we propose here aims at reduce this lack.
The system has two main components: back-office, and front-end. In short, the back-office works as the administration component of the system, and the front-end is the system's visibility. The programming language used to develop the back-office was PHP, to the front-end was ActionScript (AS2), and the databases were constructed using MySQL. Figure 1 shows a system's global layer organization; at the bottom we have the data management layer (managing the data from the users, exercises, etc.), the second layer is the functional layer, i.e., the one responsible for the relations between the exercises, templates, homeworks, and at the top we have the statistics layer, where the information is returned (presented) to the users (i.e., the teachers/educators). In figure 2 we can see the main relations between teachers and students and what they can do. As we can see, a teacher may create new templates or edit exiting templates; from the existing templates s/he can create the exercises. Then, from a list of existing exercises the teacher creates homeworks. On the other side, a student can solve the homework recommended by the teacher. It is from the set of homeworks solved by the students that data is gathered to be statistically processed and presented to the teacher. Obviously, the teacher creates new sets of homework based on these data, but more importantly, based on all the other data s/he collects during classes/lectures. In the next subsections we will return to this in more detail.
The user of this system must be registered, and in order to get full system's features and advantages s/he must pass through the authentication (login and password) process.
A non-registered user may do random exercises but s/he has no access to homework, statistics, and new exercises areas. A registered student has access to its own personal area, where s/he can see (and do) the homework recommend by its teacher.
The registered teacher may post new exercises, recommend students' homework, and statistics. The statistics module grabs all the information of every student. The teacher may query information from a student (individually), a group of students or the entire class. This information includes grades, time spent per exercise, number of tries, who has done the homework (complete homework or the exercises individually), among other.
Note that a subset of exercises of the Internet-based collaborative system presented here was successfully applied to children with special education needs, as reported in [49] .
A. Posting of new exercises
New exercises are posted based on the existing templates. New templates may also be posted by teachers having programming skills. It is based on the template's flexibility that a new exercise is customized; that is, we may have a template where the only thing that can be changed is the exercise text, or a template where everything, including the characters, objects (fruits, animals, etc.), text (color, font/shape/size, etc.), images, video, etc., can be included or changed/customized. If a teacher, that does not have the programming skills, needs a new template, s/he may post the corresponding message in the forum area of the system (collaborative work).
For a given (existing) template, the user (teacher) must introduce all the need fields. In the example shown in figure 3(a) , the student is asked to drag an elephant, a cat and a dog into the circle. This exercise was built based on a template requiring the following fields: exercise wording, the text that a student actually sees and read; list of possibilities, selected from different sets of animals, fruits, plants, etc., figures; solution list, i.e., the solution. All other components are static (cannot be changed). In the example shown in figure 3(b) , the student is asked to count the number of elements and drag the corresponding number into the blank space. In this case the teacher is asked to fill in the exercise wording, the list of objects (fruits in this case) and the solution (the number of objects).
As you can see the character in these templates "says" Olá! Ana (Hello! Ana), but obviously this information was retrieved from the user login name and was not provided by the teacher that posted the exercise (for posting proposes, this is considered static information).
The teacher can always change an exercise, by editing it, or even delete an exercise, and list the existing exercises (all, by category, template, etc.).
B. Students
In the exercises area the user (student) may choose to do his/her homework or randomly chosen exercises. Only the exercises belonging to a homework set will be used to extract statistical data (because these data will be transformed into information only by a teacher). Nevertheless, all the tried exercises give automatic feedback to the student about its correctness, by clicking the verify (Verificar) button.
C. Teachers
Besides de capability to post new exercises and templates, in the teachers' area it is possible to produce the different sets (lists) of homework exercises, and access the statistical data.
To produce a homework list, the teacher simple choose the exercises from the existing ones, and then the group of students who should apply to the list. A teacher can have the groups of students s/he wants by just creating emailing lists (e.g., for the different classes, and groups in a class).
Statistical data is "attached" to a particular list. The teacher may also concatenate statistical data from several groups. This may be very helpful if the class needs to be divided into several groups (e.g., due its heterogeneity). The data can be either presented as tables and as plots. Also included in the statistical data are the "observation index" and "assessment method", as proposed in [47] .
D. Forum/discussion
This area of the system is intended to promote the interaction between teachers, parents and students. We believe that this area in particular may be used to increment the use of IT by teachers and students, but also to promote teacher-studentparent communication, especially if both teachers, students, and parents will share their thoughts, worries, activities, strategies, etc., and thus allowing for a collaborative work through this system.
To this end, both teachers, students and parents/carers can post and e-mail questions/opinions to other participants in the discussion/forum area, including text message, photos, audio and video, in order to foster rich contexts for discussion. This process of discussion is divided into three steps: first, prepare the question/opinion (e.g., write the question/opinion on a paper and then take a picture of it or record the question in sound or video); second, send the multimedia message by e-mail (individual e-mail accounts are set for each participant); third, the system analyzes the message and publishes it in the discussion community (the e-mail's subject line becomes the topic title of the discussion and the e-mail's body is the body of the discussion).
IV. DISCUSSION
Technology has profoundly changed the way we learn and live. This relationship appears to be quite complex, in that IT, and especially socially-and technologically-rich learning environments, seems to both require and foster skills and learning.
In the view of several authors it seems that we are moving to a "digital learning" (e.g., [50] - [55] ). According to [51] there are five factors that favor de use of the Internet in education: its social acceptance, it facilitates a sense of control and therefore ownership for educators far more than previous technologies, the web browser has become a generic interface, it is both an interactive (do something with the information rather than just being a passive recipient) and personal (all learners are not the same) medium, is a sustaining (e.g., a retailer that uses it to supplement its physical shops, for instance by home delivery from supermarkets) and disruptive (e.g., it does not intend web based shopping to displace its standard retail outlets, but rather it hopes the two will complement each other, and thus altering the organization in which it is implemented) technology.
Internet can be used to supplement face-to-face teaching; for example, many campus based universities use the Internet not to replace their traditional face-to-face mode of delivery, but rather as a means of supplementing it (e.g., web pages can be used to provide additional information, or e-mail be used as a means of contacting tutors of large courses). Of course that there are topics that better suit its use (a "Introduction to Information Technology" course, and a course for teachers wanting to learn about computer conferencing, are examples of courses were using the technology effectively forms an integral part of the academic content of the course) without forget pedagogic suitability (for example, the resource based learning, where students can be presented with a wide range of resources, often external to the university, were students derive their own learning experience from these resources within the overall framework of the course). Internet's usage also leads to institutional benefit because institutions can benefit from the use of Internet in education, both on campus and in reaching new audiences, and from the fact that it can be seen as a Computer Assisted Learning delivery mechanism-many courses are using Internet to deliver simulations, visualization aids and interactive tools.
Additionally, mathematics is a fundamental human activity, a way of making sense of the world. Children possess a natural curiosity and interest in mathematics, and come to school with an understanding of mathematical concepts and problem-solving strategies that they have discovered through explorations of the environment that surrounds them. According to [56] and [57] , primary education is an important time of transitional growth in students' mathematical thinking. In order to become more accurate in their work, both in reading problems and in working out solutions, primary students need more practice to reinforce what they are learning, a process which traditionally takes place on paper. In general, after students have completed practice exercises or homework, very often they have to wait for their teacher to check it and provide feedback. These interruptions can reduce students' interest in learning as well as learning efficiency.
The research of [57] shows that mathematically literate students think flexibly about how to best solve a problem. Even so, most approaches that even mathematically literate students adopt are distributed in textbooks or tutoring books. Unfortunately, these materials are usually designed for average learners, and it is often difficult to find the best-fitting content for students with differing abilities. For example, in Portugal all the classes have only one textbook designed for all students, but literate students may need a higher-level tutoring, and illiterate may need a lower-level tutoring. Therefore, the depth and flexibility of ability gained from these textbooks are restricted. Some programs based on e-learning technology may provide personalized contents for learners by collecting the learning process. But primary students may become restless and unfocused when staying in front of computers for learning mathematics (or other subjects) during long periods of time.
Teachers, but also parents and carers, have an important word to say in this process; as noted in [53] , "the teacher must be centrally involved, actively instructing and mentoring students, especially at the initial stages of work on a project. Unfocused instruction can leave students rudderless, and this is particularly harmful to at-risk students, such as those with learning disabilities, limited literacy, and language skills, or insufficient background knowledge"; and according to [58] "Parents have a vital role to play as prime educators of young children and some children will have many achievements at home using ICT that can be celebrated and built on. Young children and their families may access learning available in the community, for instance community networks, libraries and learning centres, well before entry to early years establishments. Some parents will have developed ICT skills and knowledge that can usefully be shared with the early years setting."
But, as already noted in [9] in a research project developed in UK, "More importantly, there was no extra time available for the staff involved to spend on exploring and using the communications network. It was an additional burden in an already crowded professional agenda.". Likewise, in Portugal we do not expect that teachers have any extra time to explore some novel methodology without the existence of any obvious advantages.
One such obvious advantage of the system here proposed is time saving. In Portugal, most of the times, the teacher writes in the exercise-book of each pupil (at least in the blackboard) the set of homework exercises that s/he should try to solve. This is a handy work, and consequently very time consuming. When students return with their homework, the teacher must read and correct, one-by-one, every exercise-book, in order to have and give feedback to the students. The teacher should also analyze each student's work, in order to evaluate the student's progress and potentially introduce some programme and/or pedagogical adjustments. Obviously, this analysis should also be made to the global class.
With the system presented here the teacher can select different sets of exercises for each student or, alternatively, propose the same set of exercises to the whole class, and this simply by creating e-mail lists. The system will then provide the teacher with statistical data concerning each student and the entire class. We believe that these data will greatly help the teacher in evaluating his/her work, and help with the mentioned adjustments. The selection of different exercises sets may not directly lead to a time reduction of the teacher's work, but its automatic check and the statistical data do. We believe that teachers can use this extra time to better understand were and why some children are having troubles.
This system also invites the community to share ideas and experiences among them through the participation in collaborative discussion. As explained in section III-D, both teachers, students and parents can e-mail questions to other participants in the discussion, including text message, photos, audio and video, in order to foster rich contexts for discussion.
We want that in the near future the tool presented here may be used in English-speaking countries, since the only thing that needs to be changed is the interface. From the exercises point of view, they do not need adjustments, because it all depends on the templates (the templates must be designed in English, as well as everything they contain, such as video, images, text, speech, music, etc.). The system itself was developed in a multilingual platform.
V. CONCLUSIONS
From the teacher point-of-view, we believe that the biggest advantages of the system here proposed is time saving, but also the gathered statistical data concerning the different groups of students that the teacher elected. From these data on, the teacher easily sees where the students are having problems and decide what to do next.
From the student point-of-view, the prompt feedback about the exercises correctness, added to the training with different exercises sets about the same subject, besides the utilization of video, color, sound, etc., that positively reinforce the different child's senses, are elected as the main advantages.
In the view of [53] , "New technologies do not replace the need for strong human mentorship, but, indeed, amplify the role of such mentorship". We believe that the proposed system will enable students, parents and teachers to become active components of an interactive learning strategy plan [59] , [60] . Obviously, students must become into contact with the new teaching/studding tools progressively, in order to become a part of the learning environment as smoothly as possible.
As mentioned before, we are ware of the paramount role that parents have in the participation of their children's education. It is very important that the parents (relatives and tutors) actively participate in the scholar life of their children, and in particular in their homework. Accompanying a student's homework helps a parent to support is child, to stay aware of what is going on in the school, and also to get involved in the scholar community. Here we are talking about a virtual community that can share their opinions through a discussion forum, but most important, through the posting of exercises that their own children can do. In our opinion, this is very important and gets reinforced by the fact that most parents are also teachers; who better than parents knows what is needed by their children? Note that, as [30] states, "it remains an open question as to whether schools are so dramatically different in what they teach in comparison to informal learning environments in the ambient culture and whether informal learning and schooling interact with more intuitive folk systems in different ways".
